Model parameters and input conditions for the diffusion models
approach and the input parameters used, and review the inherent uncertainties. The method is based on Dodson's concept of closure temperature Tc (Dodson, 1973) , which was extended by Dodson (1986) to the calculation of a closure profile (Tc-profile) to give: at which R=ideal gas constant, s=cooling rate around the closure temperature Tc, and a=radius of the grain. The parameters E and D 0 refer to activation energy and the pre-exponential factor in the diffusion equation. Here, we used the diffusion data of Coogan et al. (2005) for diffusion along the c-axis and fO 2 =10 -12 bar (E=207000 J/mol and D 0 =1*10 -10 ). The closure function G(x) depends on the geometry of the cooling object and the position x within it. Here, we used the geometry of a sphere:
with z=10.000.
As Tc appears on both sides of Eq. (DR1), the equation has to be solved iteratively.
The measured Ca-concentration profiles in olivine can be translated into closure temperatures using the thermometer of Köhler and Brey (1990) : Coogan et al. (2005) show that quantifiable systematic inaccuracies in cooling rates obtained from the Ca-in-olivine geospeedometer principally result from uncertainties in the partition coefficient for Ca between olivine and clinopyroxene ( We note that Shejwalkar and Coogan (2013) show that the Ca-content in olivine in equilibrium with clinopyroxene additionally depends on the forsterite content (Fo) of the olivine.
Uncertainties inherent in the approach
However, their experimental calibration was carried out in a temperature range of 1170-1322°C, and cannot easily be extrapolated to the range of closure temperatures determined in olivine in the samples investigated here (Tc core =860-770°C using the calibration of Köhler and Brey, 1990 ; Table DR2 ). Equation (13) in Shejwalkar and Coogan (2013) combines their results with the previous experiments by Köhler and Brey (1990) when the compositional effect is accounted for. The resulting effect on the cooling rate depends on the length of the observed profile, but is below 0.5 orders of magnitude even for the longest profiles investigated here (and below a factor of two for the shortest profiles).
Fitting full profiles instead of using the highest Ca concentration measured in one olivine
grain VanTongeren et al. (2008) used the Ca-in-olivine geospeedometer to obtain cooling rates from the lower oceanic crust exposed in the Wadi Khafifah section of the Oman ophiolite.
Instead of measuring and fitting full profiles (rim-core-rim) as recommended by Coogan et al. (2002) , these authors only measured between 2-7 (on average 3) analyses per olivine grain and then used the highest measured Ca values from each crystal core for the calculation of closure temperature and cooling rate. We caution that this approach will overestimate the cooling rate and result in inaccurate results. Figure DR2 shows cooling rates obtained from a synthetic Caconcentration profile in olivine. Fitting the full profile results in a cooling rate of 0.0005°Cyr -1 .
Cases ( To illustrate this point using natural samples, we show full concentration profiles of Ca in olivines from the Wadi Abyad in the Oman ophiolite from Coogan et al. (2002) . Fitting these complete profiles with the approach outlined above results in cooling rates between 0.0035°Cyr -1 to 0.00012°Cyr -1 , at which cooling rates are decreasing with decreasing sample depth above the Moho (Fig. DR3 ). Using the approach by VanTongeren et al. (2008) overestimates cooling rates by up to 2 orders of magnitude and shows no systematics of cooling rate with sample depth.
Mg-in-plagioclase
The Mg-in-plagioclase geospeedometer is based on the diffusive exchange of Mg between plagioclase and clinopyroxene during cooling (Faak et al., 2014) . Partition and diffusion coefficients for Mg in plagioclase depend on the composition of the plagioclase (i.e., the anorthite-content), which has to be accounted for in the diffusion equation (Costa et al., 2003) .
Thus, it is not possible to use Dodson's analytical equation for the Mg-in-plagioclase system. Faak et al. (2014) presented a Mg-in-plagioclase geospeedometer based on a finite difference modeling approach using the diffusion equation of Costa et al. (2003) and applied this method to samples from the oceanic crust (Faak et al., 2014 (Faak et al., , 2015 . A detailed description of the used diffusion model may be found in Faak et al. (2014) , here we briefly summarize the modeling approach and the input parameters used.
Diffusion equation and diffusion coefficient
The diffusion of Mg in plagioclase is coupled with the anorthite content, X An , in plagioclase, which needs to be accounted for in the diffusion equation (Eq. (7) in Costa et al., 2003) and the resulting diffusion equation to describe the flux of Mg has been presented by Costa et al. (2003): 
Initial and boundary conditions
The partition coefficient,
, has been determined experimentally by Faak et al. (2013) and is given by the relationship:
This can be re-arranged to give the interface plagioclase composition as a function of the measured clinopyroxene composition, temperature and the silica activity in the system:
An initial profile is calculated based on Eq. (DR7) at temperatures around 1200°C (the exact starting temperature T start depends on the grain size of the plagioclase and is given in Table   DR1 ).
Silica activity
Solving equations (DR5-DR7) requires knowledge of the silica activity, a SiO 2 , as a function of temperature. Here, we assume a SiO 2 is constrained by the assemblage olivine+orthopyroxene as these are commonly observed phases in the samples studied. Faak et al. (2014 and 2015) show that in this case, the temperature dependent silica activity can be approximated with a polynomial of the form:
Uncertainties inherent in the approach
As discussed previously for the Ca-in-olivine geospeedometer, the main source of (2014) estimated the effect of uncertainties in these parameters on the cooling rate by performing Monte Carlo simulations. Randomly distributed probability distributions of the parameters were used in 10.000 simulations, at which the parameters can vary within the bounds of the uncertainties in their calibration (Faak et al., 2013) . The predicted uncertainty based on these simulations is 0.3 log units for a cooling rate of 0.1°Cyr -1 and 0.3 log units for a cooling rate of 0.001°Cyr -1 . Faak et al. (2014) also discuss how the uncertainty of the cooling rate is affected if the chosen diffusion coefficient has a significant dependence on X An or not (Costa et al., 2003; Faak et al., 2013; Van Orman et al., 2014) . They show that the cooling rate obtained using the diffusion coefficient of Faak et al. (2013) is by a factor of 3 faster for a normally zoned plagioclase and by a factor of 4 slower for an inversely zoned plagioclase, if the diffusion coefficient depends on X An (Van Orman et al., 2014) .
Additionally, Faak et al. (2015) use the scatter in the data for one sample (i.e., the difference in the obtained cooling rates from multiple Mg-profiles in up to 5 plagioclase crystals in the same sample) as a measure for the precision of the cooling rate estimate for a single sample. Following this approach, they find the precision on the obtained cooling rate to be better than half an order of magnitude. Shallow gabbros (Faak et. al, 2015) Deeper plutonics (>2000 mbDGB), Exp 345 Site U1415 (Dalton and Lane, 1996) . We note that this is just one possibility of alteration that can be assed quantitatively. Higher values of measured Ca-concentrations in olivine may also result from other forms of alteration or inclusions. Grey dashed lines show profiles from fitting just the highest Ca concentrations and light grey numbers give the obtained cooling rates. 
